Effects of leucine on insulin secretion and beta cell membrane potential in mouse islets of Langerhans.
Leucine is known to enhance insulin secretion from islets of Langerhans, and insulin promotes leucine uptake in peripheral tissues. The present studies were designed to elucidate the effects of leucine on glucose responsiveness and stimulus secretion coupling in mouse islets of Langerhans. The effects of 20 mM leucine on insulin secretion and membrane potential were studied over a range of glucose concentrations (0-27.7 mM). Microdissected, perifused pancreatic islets from normal adult mice were used for both studies of insulin secretion and electrophysiology in order to make a close comparison between these measurements. Leucine enhanced the insulin secretion in the presence of 5.6, 11.1, and 22.2 mM glucose. In the presence of leucine, 27 mM glucose inhibited insulin secretion. In the absence of glucose-leucine did not induce electrical activity of the beta cell membrane, whereas in the presence of 5.6, 11.1, and 22.2 mM glucose leucine increased spike frequency. Thus, leucine shifts both the glucose-dependent insulin secretion and electrical activity toward lower glucose concentrations. It is concluded that leucine and glucose share a common metabolic pathway (citric acid cycle) for stimulatory effects. Leucine is deaminated to form 2-ketoisocaproic acid (KIC) and produce NH4+. We propose that in the absence of glucose this increases cytosolic pH, which in turn increases K+ permeability, and inhibits electrical activity and insulin secretion.